¥ relaxation of trapped molecules due to collisions with cold atoms is investigated using the results of ¦ quantum-mechanical scattering calculations. Trap loss is analyzed using an exactly solvable kinetic model that § includes direct collisional quenching and an indirect process of vibrational predissociation. At low atom density, the relaxation is due primarily to collisional quenching. At high atom density, the relaxation involves additional © time scales due to the formation and decay of van der Waals complexes. It is shown that the most weakly bound state of the van der Waals complex for a given diatomic vibrational level controls the relaxation at 
I. INTRODUCTION
Experimental efforts to trap molecules as a means for obtaining the Feshbach resonance parameters.
G
In the present work, we investigate this possibility for trapped diatomic molecules by including predissociation in the kinetic theory of vibrational relaxation. Using calculated H quenching rates and predissociation lifetimes for a realistic ) system, we make estimates of the relaxation time for vibrationally $ excited trapped molecules as a function of atom density.
I
The role of the most weakly bound state of the van der I Waals complex is investigated for both the low and high density I limits. It is shown that a single measurement of vibrational P relaxation of trapped molecules performed at high atom ) density would uniquely determine the binding energy and ) predissociation lifetime of the van der Waals complex, the collisional rate of formation of the complex, and the zero-temperature quenching rate of the excited diatom.
The paper is organized as follows. In Sec. II we present the 5 kinetic model for trapped molecules. Section III reviews the Section VI discusses the detailed balance between the collisional S rate of van der Waals formation and decay. In Sec.
T VII we give some numerical results for the two isotopes of 3 helium interacting with vibrationally excited H 2 . Atomic units U are assumed throughout the paper.
II. KINETIC MODEL
Relaxation of vibrationally excited trapped diatomic molecules 6 may occur through the direct collisional quenching process If we define 
5
¢ ¡ must be replaced by 
III. CLOSE-COUPLING EQUATIONS
The kinetic model described above depends on input parameters G that may be computed using an exact quantummechanical close-coupling formulation. Therefore, we provide $ a brief review of the close-coupling procedure used in the present work. The atom-diatom Hamiltonian in the center-of-mass S frame is given by 
equation
where
the orbital angular momentum of the atom with respect to the diatom, J £ is the total angular momentum, M is the
the Hamiltonian¨26© on 3 the channel functions 2 8 leads to a set of coupled equations 
To 4 obtain the predissociation lifetimes, the close-coupling equations 6 are solved for energies below threshold, the S q matrix 5 is diagonalized, and the eigenphase sum is differentiated with Q respect to energy to obtain numerically exact resonance widths.
Q
The predissociation lifetime is then given by
where n Í is @ the quantum number of the bound state of 3 the van der Waals complex.
IV. PERTURBATION THEORY
Because Ã the kinetic model presented above shows that the relaxation rate depends most strongly on the quasibound level with the longest predissociation lifetime, it is useful to examine 6 the relationship between decay rate and binding energy 6 for a weakly bound complex. We assume that the binding 
are the unperturbed radial functions 
Ë may be calculated from the equation 
6
The function G
may then be approximated by
is a normalization coefficient. The leading term of ) in the boundary area
For weakly bound states, R , which may be calculated S as follows:
Because Ã the binding energy I is @ small, the normalization is given 
V. EFFECTIVE RANGE THEORY
In Sec. IV, we showed that predissociation lifetimes increase 
6
Recalling the kinetic model of Sec. II, we conclude that when Q the density of atoms in the trap is large, the system relaxes G primarily through the process of vibrational predissociation.
D
This relaxation process is independent of temperature.
5
However, using Eqs. 
The 4 temperature dependence of the relaxation parameter
·
Aţ low temperatures, the predissociation relaxation path is important when the density satisfies the condition
. In the zero-temperature limit, the backward rate
zero exponentially fast and the predissociation V relaxation path becomes negligible.
VII. RESULTS
The 4 kinetic model is tested for the two isotopes of helium interacting with vibrationally excited H 2 p . The parameters are obtained The discussion given above may be generalized to systems possessing more than one bound level of the van der Waals complex. Figure 5 shows how the high density relaxation ø plot would look for a system that supports two bound levels. As before, the short time scale would be given by the collisional He at 10 mK. The dotted curve is the time scale due to collisions, and the dashed curve is the time scale due to predissociation. The solid curve is the total relaxation time. 
